To determine the MR criteria that are effective for differentiating intramedullary neoplasms from syringo-or hydromyelia, we reviewed MR scans made on prototype and commercial imagers of 33 patients with surgically confirmed cord abnormalities, including nine intramedullary neoplasms and 20 cysts (syringo-or hydromyelia). Two radiologists who did not know the clinical and radiologic diagnoses were asked to evaluate the scans with respect to (1) cord expansion, (2) distinctness of the disease margin, (3) homogeneity, and (4) signal intensity. These observations were correlated with the proved diagnoses. The combination of distinct margins and uniform signal intensity equal to that of CSF correlated consistently (88%) with spinal cord cysts. Other combinations were less reliable for diagnosing a cyst or tumor.
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MR imaging has been shown to demonstrate, effectively and noninvasively, a variety of spinal diseases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, previously described MR criteria for differentiating intramedullary neoplasms and cysts have not been evaluated objectively. Therefore, for the purpose of selecting the most accurate MR criteria, we reviewed a series of patients with surgically confirmed intramedullary abnormalities.
Materials and Methods
MR scans were reviewed in 33 patients (14 males and 19 females ranging in age from 6 to 71 years) with intramedullary lesions studied between May 1983 and November 1985. Scans were acquired on various prototype (0.5-1.5 T) MR imagers at the General Electric facility in New Berlin, WI , or on a 1.5-T commercial MR scanner (GE Signa) at the Milwaukee County Medical Complex . All patients were studied with short TR spin-echo pulse sequences (TR = 500-800 msec,TE = 20-25 msec) and 16 were also studied with long TR spin-echo pulse sequences (TR = 2000-2500 msec,TE = 20-25 msec and 80-100 msec). Scans were obtained with a standard body coil in 16 patients and with 7.5-or 10-cm "butterfly" surface coils (Medical Advances, Inc., Milwaukee, WI) in 17 patients (15) . Other imaging parameters included 3-10 mm slice thickness , 0-2 mm slice interspacing , 2-4 excitations, 4-10 min acquisition time, 128 x 256 or 256 x 256 matrixes, and 16-25 cm field of view. Imaging was routinely performed in the sagittal plane; additional images in the axial plane were obtained in seven patients .
MR scans in the 33 patients were evaluated by two senior radiology residents who did not know the clinical and radiologic diagnoses. The readers were asked to report four different MR observations: (1) expanded cord (larger anteroposterior diameter than the remainder of the cord), (2) distinct or indistinct margins in the disease, (3) uniform or nonuniform signal intenSity in the disease, and (4) signal intensity of the disease isointense with CSF or not.
Results
The intramedullary abnormalities included nine neoplasms (five astrocytomas, three ependymomas, and one lipoma), 20 cysts (syrinx or hydromyelia), two cases of myelomalacia, one case of viral myelitis, and one case of hematoma. Diagnoses were verified at surgery by biopsy, cyst puncture, or, in cases of myelomalacia, intraoperative sonography.
The data are tabulated in two ways: the percentage of cysts or tumors with the MR observation is recorded in Table  1 , and the percentage of MR observations in which a cyst was found is recorded in Table 2 . In the cases of intramedullary cyst, an expanded cord was reported in 78% of patients, distinct margins in 73%, uniform signal intensity in Other" 38 50 25 38
• Frequency = percentage of the nosologic category with the MR finding .
•• Includes myelomalacia , viral myelitis, and hematoma.
A • Accuracy = percentage of cases with the MR finding that had the specific nosologic diagnosis. 75%, and isointensity with CSF in 78%. In patients with neoplasm, cord expansion was also reported in 78% of patients, distinct margins in 44%, uniform signal intensity in 44%, and isointensity in 17%. A cyst was confirmed surgically in 78% of reported distinct margins, in 76% of reported uniform signal intensities, and in 85% of reported signal isointensity. When the three criteria-distinct margins, uniform signal intensity, and isointensity-were observed in the same patient, the likelihood of syringo-or hydromyelia was 88% (Table 3) . With a combination of indistinct margins, nonuniform signal intensity , and nonisointensity the likelihood of neoplasms was only 60%.
Discussion
Syringomyelia refers to a glial-lined cavity within the spinal cord. Hydromyelia represents cystic dilatation of the cord 's central canal. Syringohydromyelia, a nonspecific term describing a nonneoplastic intramedullary cyst, encompasses both syringomyelic and hydromyelic abnormalities.
Conventional CT or myelographic imaging is imperfect in distinguishing intramedullary neoplasm and syringo-or hydromyelia. Myelography does not reliably differentiate intramedullary tumor from cyst because both abnormalities typically show a fusiformly expanded cord as a filling defect within the subarachnoid contrast column [16] . Unenhanced CT may show the cord [17] ; however, artifacts from adjacent osseous structures or body parts outside the reconstruction circle tend to obscure the cord margins and small intramedullary cysts. Intrathecally enhanced CT effectively shows cord margins and may demonstrate opacification of intramedullary cysts on immediate or delayed CT scans [18] [19] [20] . However, not all cases of syringo-or hydromyelia show intramedullary contrast enhancement, and cystic neoplasms and myelomalacia may also show enhancement within cord substance [21 , 22] .
The sensitivity of MR for detecting spinal disease is high. Because of its excellent contrast resolution , MR effectively demonstrates the spinal cord ( Fig . 1) and detects various intramedullary abnormalities, including syringo-or hydromyelia (Figs. 2 and 3) , neoplasm (Figs. 4-7) , myelomalacia (Fig .  8), hematoma (Fig. 9) , and arteriovenous malformation.
The typical intramedullary cyst is characterized by a glial cell (syringomyelia) or ependymal (hydromyelia) lining , which provides a sharp interface with the cyst fluid . Thus , most cysts appear in MR images as an abnormality with sharply defined margins, uniform signal intensity, and isointensity with CSF (Figs. 2 and 3) . Occasionally, collagenous bands or synechiae crossing the cyst cavity from one wall to the other or a high protein concentration in the cyst fluid may produce nonuniform signal intensity, hyperintensity, or ill-defined mar- gins [23] . In addition, pulsatile CSF movement may occasionally cause inhomogeneous signal intensity within an intramedullary cyst in T2-weighted images [24] . However, our study suggests that when a combination of three criteria-distinct margins, uniform signal intensity, and isointensity (with CSF)-are observed in MR scans in a patient with an expanded cord , the diagnosis of syringo-or hydromyelia can be made with a high degree of accuracy. In these cases additional imaging studies may not be needed. As surface coil advances and other technical improvements increase MR resolution, even greater accuracy should be noted.
MR is less accurate in characterizing intramedullary tumors. Primary tumors such as astrocytomas and ependymomas tend to infiltrate adjacent cord tissue and evoke reactive edema [25] . This combination of infiltrating tumor and edema results in ill-defined margins in MR images (Figs. 4-6 ). Necrosis , cystic degeneration , or hemorrhage may cause tumors to have an inhomogeneous MR appearance (Figs. 4, 5, 7) . Highly proteinaceous fluid within zones of cystic degeneration may produce hyperintensity or nonuniform signal intensity on MR . Thus, poorly defined margins, inhomogeneity, and lack of isointensity suggest neoplasm . The combination of indistinct margins, nonuniform signal intensity, and nonisointensity was present in a small majority of our tumors but cannot be considered diagnostic of neoplasm. In cases where an intramedullary neoplasm is associated with a syrinx, MR may show features of both abnormalities (Fig. 7) .
